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(54) Process for seating? air end face of a ^ ceramic honeyooml^structore- 

(57) A process for sealing an end face of a ceramic 
honeycomb structure comprising the following steps (a) 
10(d): 



(a) a step of introducing an expansive material 
which can be burned off. into through-holes not to 
be sealed, among through-holes of the honeycomb 
structure; 

(b) a step of expanding the expansive material to 
temporarily seal the through-holes not to be sealed, 
at their ends; 

(c) a step of filling a sealant into ends of through- 
holes to be sealed; and 

(d) a step of burning off the expansive material and 
sintering the sealant at the same time. 
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Description 

The present invention relates to a process for sealing an end face of a ceramic honeycomb structure. Particularly, 
it relates to a process for sealing predetermined through-holes among a plurality of through-holes of a ceramic honey- 

s comb structure, at their ends, which is a process particularly suitable for sealing of a ceramic honeycomb structure 
wherein the opening area of through-holes is small. 

In the fields of automobiles and domestic electrical appliances, ceramic honeycomb structures (hereinafter some- 
times referred to simply as "honeycomb") are presently widely used. In particular, in the field of automobiles, a diesel 
particulate filter (hereinafter referred as "DPF") is used which collects fine particles discharged from a diesel engine. 

io This DPF has a plurality of through-holes parallel to the moving direction of the exhaust gas. At one end face, every 
other through-holes are sealed to form a checkered pattern, and at the other end face, the rest of through-holes are 
sealed, so that the through-holes are alternately sealed at either one of the end faces. Therefore, exhaust gas entered 
into through-holes (X) from one end face (A) of the honeycomb will pass through the porous wall of the through-holes 
to the adjacent other through-holes (Y), since the other end face (B) of the through-holes (X) is sealed. The through- 

75 holes. CY).are.seaJedat.one end.face (A) and are open at.the. other end face (B). Therefore, the exhaust gas will be dis- 
charged from the openings. Here, fine particles in the exhaust gas will be collected and accumulate on the porous wall 
surface. In recent years, improvement of this collecting efficiency is desired, and there is a trend to use a honeycomb 
having a high specific surface area at the collecting portion i.e. having a larger number of through-holes with a small 
opening area formed. 

20 Such a honeycomb is produced by molding a mixed material comprising a ceramic powder such as cordierite, mul- 
I'rte, alumina or silicon carbide, an organic binder and water as a dispersing medium, into a honeycomb form, for exam- 
ple, by extrusion molding, followed by drying, and then alternately sealing through-holes of this molded product at both 
end- faces, followed by heating andxalcining.. 

Heretofore, many proposals have been made with respect to the method of sealing the end faces of the honey- 

25 comb. For example, Japanese Unexamined Patent Publications No. 7215/1982 (U.S. Patent 4,293,357) and No. 
37480/1983 (U.S. Patents 4,557,773 and 4,573,896) disclose a method wherein a film or the like is bonded to the end 
face of the honeycomb and then holes are formed.in the film at portions corresponding to :the through-holes to be 
sealed, or a film having such holes preliminarily formed; is bonded to the erxtface of the hbneycombrandthen a stealing' 
material is introduced through these holes into the through-holes for sealing. 

oo In such a method, in order to introduce the sealant into only the through-holes to be sealed, the size of holes for 
introducing the sealant, to be formed in the film, must be equal or smaller than the opening area of the through-holes 
to be sealed. On the other hand, in order to facilitate the introduction of the sealant, such holes are desired to be as 
large as possible, i.e. to be equal to the opening area of the through-holes. However, it is very difficult to form in the film 
such holes having a size equal to the opening area of the through-holes, since accurate dimensional precision is 

35 thereby required, and substantial labor and time will be required for such an operation. Accordingly, in the practical 
operation, the holes to be formed in the film tend to be smaller than the opening area of the through-holes, and espe- 
cially in the case of a honeycomb having through-holes with a small opening area, the size of holes in the film is about 
50% of the openi n# area of the through-holes, at: the~maximunv 

Further, in the above film method, it is important to adjust the viscosity of the sealant in order to certainly introduce 

40 the sealant through the holes formed in the film into the predetermined through-holes and to tightly seal them. Espe- 
cially for the honeycomb having through-holes with a small opening area, accurate adjustment is required. Namely, 
when a slurry having a low viscosity is employed as the sealant, the slurry can readily be introduced even from relatively 
small holes, but shrinkage of the sealed portions upon drying increases, whereby cracks or ruptures are likely to result 
at the sealed portions. Further, the slurry can not be maintained at the center portions of the sealed through-holes, and 

45 the center portions are likely to remain in a perforated state, and thus it tends to be difficult to form tightly sealed por- 
tions. When a sealing material having a high viscosity is employed, it will be required to introduce it under pressure, 
whereby the film is likely to be raptured during the operation. Further, as mentioned above, the area of holes in the film 
is small as compared with the opening area of the through-holes. Accordingly, void spaces are likely to remain at the 
corner portions of the through-holes or between the sealant and the film, whereby it will be difficult to form tightly sealed 

so portions. 

As a means to solve such problems, Japanese Unexamined Patent Publication No. 7215/1982 (U.S. Patent 
4,293,357) discloses a method wherein firstly, holes are formed in the film at portions corresponding to the through- 
holes not to be sealed, an epoxy resin or the like is introduced by a dipping method, followed by curing, then the film is 
peeled, and a sealant is introduced under high pressure. By this method, the sealant can directly be filled into the 
55 opened through-holes, and the introduction is extremely easy. Whereas, it is rather difficult to introduce the epoxy resin 
or the like into the through-holes, and substantial labor and time are required for a step of bonding the film on the end 
face of the honeycomb and forming holes at portions corresponding to the through-holes not to be sealed, and a step 
of curing the introduced epoxy resin. Further, void spaces are likely to form between the cured epoxy resin or the like 
and the walls of the through-holes. Further, there is a problem that the thermal expansion of the epoxy resin or the tike. 
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is large, whereby the walls of the through-holes are likely to be damaged in the calcining step. 

Further, in either the above film method or the above-mentioned temporary sealing method with an epoxy resin or 
the like, it is required to repeat, after sealing or temporarily sealing one end face (A), the same step also at the other 
end face (B), and there has been a problem also with respect to the productivity. 

The present invention has been made under these circumstances. An object of the present invention is to provide 
a process which comprises temporarily sealing through-holes not to be sealed among through-holes of the honeycomb 
and then introducing a sealant into the rest of through-holes to be sealed, followed by sealing at the ends of the through- 
holes, wherein the temporary sealing can certainly and easily be carried out, and the through-holes can tightly be 
sealed. 

Another object of the present invention is to produce the honeycomb having through-holes sealed at their ends, at 
improved productivity. 

A further object of the present invention is to produce DPF at improved productivity. 

In a first aspect, the present invention provides a process for sealing an end face of a ceramic honeycomb structure 
comprising the following steps (a) to (d). (e) to (i) or G) to (n): 

(a) a step of introducing an expansive material which can be burned off; fnto through-holes not to be sealed; among 
through-holes of the honeycomb structure; 

(b) a step of expanding the expansive material to temporarily seal the through-holes not to be sealed, at their ends; 

(c) a step of filling a sealant into ends of through-holes to be sealed; and 

(d) a step of burning off the expansive material and sintering the sealant at the same time. 

(e) a step of printing a combustible material which can be burned off, at predetermined positions on a member 
which is capable of covering the end face of the ceramic honeycomb structure; 

(f) a step of mounting the honeycomb structure on the member, so that through-holes not to be sealed, among 
through-holes of the ceramic honeycomb structure, abut on the printed combustible material; 

(g) a step of transferring the combustible material to the end face of the ceramic honeycomb structure to temporar- 
ily seal the through-holes not to be sealed, at their ends; 

(h) a step of filling a sealant into ends of through-holes to be sealed; and 

W.a.step.ofburning.ofUhexonib^ , 
0) a step of temporarily sealing through-holes not to be sealed, at their ends by means of at least one of the meth- 
ods set out above, at one end face (A) of the ceramic honeycomb structure; 

(k) a step of mounting the ceramic honeycomb structure on a member which is capable of covering the end face 
thereof, so that said temporarily sealed one end face (A) faces upward, and the other end face (B) not sealed, faces 
downward; 

(I) a step of dropping a combustible material which can be burned off, into through-holes other than said temporarily 
sealed through-holes, from above said one end face (A) of the ceramic honeycomb structure, to temporarily seal 
other through-holes not to be sealed, at their ends, at the other end face (B); 
(m) a step of filling a sealant into ends of through-holes to be sealed; and 

(n) a step of, burning off the expansive ^material and/or the combustibte material; and sintering^the sealant at the 
same time. 

In another aspect, the present invention provides a process for producing a ceramic honeycomb structure having 
predetermined through-holes sealed at their ends, which comprises the following steps (o) to (q): 

(o) a step of molding a ceramic honeycomb molded product; 

(p) a step of temporarily sealing through-holes not to be sealed, at their ends and filling a sealant into ends of 
through-holes to be sealed, by means of at least one of the methods set out above; and 

(q) a step of heating and calcining the ceramic honeycomb molded product temporarily sealed and having the seal- 
ant filled as mentioned above, to sinter the sealant and the ceramic honeycomb molded product and to burn off the 
expansive material and/or the combustible material. 

In the accompanying drawings: 

Figure 1 is a diagram showing the process steps and the respective required times in Example 1. 

Figure 2 is a diagram showing the process steps and the respective required times in Example 2. 

Figure 3 is a diagram showing the process steps and the respective required times in Example 3. 

Figure 4 is a diagram showing the process steps and the respective required times in Comparative Example 1. 

Figure 5 is a diagram showing the process steps and the respective required times in Comparative Example 2. 

Now, the present invention will be described in detail with reference to the preferred embodiments. 
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In the present invention, the material for the honeycomb is not particularly limited, and cordierite, mullite, alumina, 
zirconia, silicon carbide, silicon nitride, or a composite material thereof may, for example, be used. In the present inven- 
tion, an organic binder and a dispersing medium such as water are added to such a ceramic material powder to obtain 
a slurry, which is then molded into a honeycomb form. As the organic binder, methylcellulose, ethylcellulose, car- 

5 boxymethylcellulose, polyvinyl alcohol, starch or wax emulsion may, for example, be used. 

As a method for molding a ceramic honeycomb molded product, it is possible to employ extrusion molding, sheet 
molding or press molding. However, it is usually preferred to employ extrusion molding. The circumferential shape of the 
molded product or the shape of through-holes may be a round shape such as a circular or oval shape, or a polygonal 
shape such as a quadrilateral shape or a hexagonal shape. 

w The honeycomb of the present invention can advantageously be produced by a process wherein among through- 
holes of the ceramic honeycomb molded product thus obtained, through-holes not to be sealed, are temporarily sealed 
at their ends, a sealing material is filled into ends of through-holes to be sealed, followed by heating and calcining to 
sinter the sealant and the ceramic honeycomb molded product and to burn off the material used for temporary sealing. 
This production process has a merit such that sintering of the ceramic honeycomb molded product and sealing of 

is through-holes can be carried out by. asingle operational heating.and.ca!ctnatton~ However,~the present jnventi.on.is,not 
limited to such a process. For example, the ceramic honeycomb molded product may preliminarily be sintered, and then 
sealing may be carried out by a process which will be described hereinafter. 

Firstly, a sealing process comprising steps (a) to (d) of the present invention will be described. 

Step (a) of the present invention is a step of introducing an expansive material which can be burned off, into 

20 through-holes not to be sealed. The expansive material to be used in this step, is a material which undergoes a volume 
expansion, such as a material which expands upon application of an energy of e.g. light or heat, an expandable material 
which expands upon foaming, a highly water-absorptive resin, an expandable rubber or high molecular weight polymer 
which expands. upon gelation,. and it may ba. any. mater iaJ.so .long. as.sux^.a.matecial-is .capable.of. temporarily seal, 
through-holes at their ends without breakage or displacement of the temporary sealed portions at the time of filling the 

25 sealant in step (c). Among them, the most convenient material is an expandable material which expands upon foaming. 
Such an expandable material may, for example, be the one having a low boiling point saturated hydrocarbon such as 
propane, butane or pentane or an organic foaming agent such a halogenated hydrocarbon ag. methyl chloride or chlo- 
rodifluoroethane, impregnated in a resin such as polystyrene, polyethylene, polypropylene, pofyur ethane or acryloni- 
trile. Among them, expandable polystyrene or expandable polyethylene is preferred. The type and the amount of such 

30 an expansive material are selected depending upon the size of through-holes to be temporarily sealed, or the volume 
expansivity at the time of expansion. 

With respect to a method for introducing the expansive material into through-holes not to be sealed, in a case 
where the expansive material is a viscous liquid, introduction can be carried out by coating, injection or dipping after 
masking through-holes to be sealed, at the end face. Otherwise, the expansive material may directly be introduced into 

35 the through-holes by means of an injection syringe or pen. On the other hand, when the expansive material is a powder, 
it may be formed into a paste or slurry by means of a dispersing medium not to impair the property of the expansive 
material, and then such a paste or slurry may be introduced by the above method. In the case of an expansive material 
having gootff lowability such- as expandable beads, it may be introduced: directly of after. granulated, by means of ag. a: 
binder, into the through-holes by dropping it from above the through- holes. In any case, upon introduction of the expan- 

40 sive material into the through-holes, it is not required to have tightly temporarily sealed portions, because in the present 
invention, in the next step (b), the expansive material is expanded to form tightly temporarily sealed portions. Therefore, 
according to the present invention, introduction of the expansive material is very easy, and the productivity can remark- 
ably be improved by selecting size and number of through -holes, the type of the expansive material and the method for 
its introduction. 

45 Step (b) of the present invention is a step of expanding the expansive material thus introduced to temporarily seal 
the through-holes not to be sealed, at their ends. The expansive material may be expanded by, for example, a method 
wherein a ceramic honeycomb molded product having the expansive material introduced into the predetermined hon- 
eycomb through-holes, is maintained in an atmosphere heated sufficiently for foaming, a method wherein a ceramic 
honeycomb molded product having the expansive material introduced, is mounted on a plate- or sheet-form member, 

so followed by heating, or a method wherein a ceramic honeycomb molded product having the expansive material intro- 
duced, is mounted on a heated plate- or heat-form member. 

By such step (b) of the present invention, temporarily sealed portions excellent in adhesion to through-hole walls 
can readily be formed. Accordingly, it will be possible directly and certainly fill the sealant only to the predetermined 
through holes to be sealed, in step (c), whereby tightly sealed portions can be formed. Especially when a material 

55 expandable by e.g. heating is used as the expansive material, it is possible to shorten the time required for the expand- 
ing step, whereby temporarily sealed portions can be formed without requiring the substantial time and labor as here- 
tofore required. Further, this temporarily sealed portions are capable of being burned off by heating and therefore can 
readily be removed without damaging the through-hole walls after step (c). 

After temporarily sealing the through-holes not to be sealed, at their ends, at one end face (A) of the honeycomb, 
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as described above, the same operations as steps (a) and (b) will be conducted also at the other end face (B) to tem- 
porarily seal other through-holes at their ends. 

Step (c) of the present invention is a step of filling a sealant into the ends of through-holes to be sealed. This step 
is carried out at openings of the through-holes present at one end face (A) of the honeycomb and at the other end face 
5 (B). 

The material for the sealant may be any material so long as the formed sealed portions will not have cracks due to 
e.g. a difference in thermal expansion, even when subjected to heating and calcination in the subsequent step (d). How- 
ever, usually the same material as the honeycomb, or the one composed essentially thereof, is used. The sealant is 
filled usually by a method wherein a sealant slurry is prepared, and the slurry is f Hied by e.g. dipping or injection. How- 

w ever, in a case where the area of through-holes is small, the dipping method is preferred. The viscosity of the sealant 
slurry is preferably from 100 to 1 ,500 cps, more preferably from 300 to 700 cps. To the sealant slurry, an additive such 
as a binder or a dispersant may be incorporated, as the case requires. The binder may, for example, be methylcellulose, 
ethylcellulose, carbcxymethylcellulose, polyvinyl alcohol, starch or wax emulsion. The dispersant may, for example, be 
ammonium polycarboxylate, ammonium polyacrylate, methyl polyacrylate or a glycerol fatty acid ester type surfactant. 

15 Step (d) of the present invention is a step of burning off the expansive material constituting the temporarily sealed 
portions and sintering the sealant at the same time. When the honeycomb used has not yet been sintered, sintering of 
such a honeycomb is simultaneously carried out in this step. The conditions for this step are not particularly limited so 
long as heating and calcination can be carried out in an atmosphere wherein the expansive material can be burned off. 
For example, in a case where the honeycomb is of an oxide type such as cordierite or mullite, heating and calcination 

20 are conducted in an oxidative atmosphere having a temperature of from 1 ,000 to 1 ,600°C, and in a case where the hon- 
eycomb is a non-oxide type such as silicon carbide or silicon nitride, heating and calcining are carried out under a non- 
oxidative atmosphere such as nitrogen or argon at a temperature of from 1 ,500 to 2,300°C. 

Now, the sealing process of the present invention comprising steps (e) to (i) will be described. This sealing process 
is suitable for a case wherein the cross-sectional area of through-holes of the honeycomb is small, and the number of 

25 through-holes to be temporarily sealed is large. 

Step (e) of the present invention is a step of printing a combustible material which can be burned off, at predeter- 
mined positions on a member which is capable of covering the end face of the honeycomb. The positions at which print- 
ing- is made, 1 are posiiiofts~cofi uspOjkJirk/ to opet «» >y?> oMfre through-hol es not XtrtyB" ok**! ed. ' • 

As the printing method, screen printing is preferred. Namely, a paste containing the combustible material is screen- 

30 printed on the above member in a pattern corresponding to the openings of the through-holes not to be sealed. 

As another printing method, it is possible to employ, for example, a method wherein a copper toil is bonded to an 
end face of the honeycomb, then a resist ink or the like is printed in a pattern corresponding to the openings of the 
through-holes not to be sealed at the end face of the honeycomb, followed by etching to open through-holes to be 
sealed other than the printed portion, or a method wherein a water soluble film of e.g. polyvinyl alcohol is bonded to an 

35 end face of the honeycomb, then, a non-water soluble material such as grease is printed in a pattern corresponding to 
the opening not to be sealed, followed by dipping in water to dissolve the water soluble film and to open through-holes 
to be sealed. 

The combustible mater iaMo be used in step (e) is preferably an expansive mmerla* . Particulany preferred is a.mate- 
rial readily expandable upon foaming by heating, such as expandable polystyrene or expandable polyethylene. The rea- 

40 sons are such that the printed expansive material is expanded by foaming at the ends in the through-holes to form 
tightly temporarily sealed portions, and the operation to bring the printing pattern to agree completely with the pattern 
of the temporarily sealed portions of the through-holes can be simplified. Namely, in the present invention, the printed 
pattern of the expansive material is not necessarily required to completely agree with the pattern of the temporarily 
sealed portions of the through-holes. It is possible to print the expansive material in a pattern smaller than the area of 

45 the opening of the through-holes. For example, in a case where an expansive material capable of expanding a few tens 
times in volume, is used, it may be printed in a size of about one half of the opening area of the through-holes. For 
example, when the shape of the through-holes is a square of 2x2 mm, such an expansive material may be printed in a 
circular shape with a diameter of about 1 mm, and if it is a square of 1x1 mm, such an expansive material may be 
formed in a circular shape with a diameter of about 0.5 mm, with the thickness being from about 0,1 to 2.0 mm in each 

so case. 

Further, it is important that the member used in step (e) is in the form of a plate or sheet having a smooth and flat 
surface so that it is closely in contact with the end face of the honeycomb mounted thereon. When the honeycomb is 
mounted, if there exists a space between the member and the end face of the honeycomb, the strength of the tempo- 
rarily sealed portions tends to low, and the openings of the adjacent through-holes tend to be clogged. 
55 The material for the member used in step (e) is selected depending upon the type of the combustible material. 
When a material expandable by heating is used as the combustible material, a heat resistant metal or ceramic may be 
used, and in the case of a material expandable by light or the like, transparent glass or plastics may be employed. Of 
course, a member made of other material, may be employed. Further, it is preferred to employ a material having a good 
release property, for example boron nitride, in the case of a ceramic, so that the combustible material printed on the 
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member can readily be released and transferred from the member to the end face of the honeycomb in steps (f) and 
(g). In a case of other materials, the release property can be improved by preliminarily coating a release agent or oil on 
the surface. 

Step (f) of the present invention is a step of mounting the honeycomb on the member, so that through-holes not to 
5 be sealed, among through-holes of the honeycomb, abut on the printed combustible material. In the present invention, 
when an expansive material is used as the combustible material, the printing pattern can be made smaller than the pat- 
tern of the temporarily sealed portions of the through-holes, whereby the honeycomb can easily be mounted on the 
member. 

Step (g) of the present invention is a step of releasing the printed combustible material from the member and trans- 
10 ferring it to the end face of the honeycomb to temporarily seal the through-holes not to be sealed, at their ends. To carry 
out this step, for example, in a case where a material expandable upon foaming by heating, is used as the combustible 
material, it is possible to employ a method wherein the above member and the honeycomb mounted thereon and having 
the combustible material introduced thereinto, are maintained in an atmosphere wherein the combustible material is 
able to sufficiently expand upon foaming, or a method wherein a honeycomb having the combustible material intro- 
is duced is mounted on the above member, and then this assembly is placed on a heated iron plate or the like to foam and 
expand the combustible material. 

After temporarily sealing the through-holes not to be sealed, at their ends, at one end face (A) of the honeycomb 
as described above, the same operations as in step (e) to (g) will be carried out at the other end face (B) to temporarily 
seal other through-holes at their ends. 
20 Steps (h) and (i) of the present invention are carried out in the same manner as the above step (c) and (d). respec- 
tively. 

According to the sealing process of the present invention comprising the above steps (e) to (i), a printing method 
is employed to introduce the combustible material, whereby the conventional step of bonding a film or forming holes, is 
not required: Thusraccordingtothe present invention; even a high performance honeycomb having- air extremely small 
25 opening area of through-holes and a large number of through-holes, can be easily produced without requiring so much 
time and labor. 

Now, the sealing process of the present invention comprising steps Q) to (n) will be described. This process is a 
process, suitable for a. case .wherein a high performance, honeycomb having: an extremely small opening, area of 
through-holes and a large number of through-holes is produced, wherein after temporarily sealing through-holes not to 
30 be sealed, at their ends, at one end face (A) of the honeycomb, also at the other end face (6), other through-holes not 
to be sealed, will be temporarily sealed at their ends. 

Step (j) of the present invention is a step of temporarily sealing through-holes not to be sealed, at their ends, at one 
end face (A) of the honeycomb, by the above steps (a) to (b) or steps (e) to (g), and thus is carried out as described 
above. 

35 Step (k) of the present invention is a step of mounting the honeycomb on a member which is capable of covering 
the end face of the honeycomb, so that one end face (A) temporarily sealed in step 0). faces upward, and the other end 
face (B) not temporarily sealed, faces downward. As the member to be used in this step, the same member as 
described trt the-above r step (e); can be tisedr. As sucfr a*mer^ 
deform even when the combustion material is heated to a foaming temperature. 

40 Step (I) of the present invention is a step of dropping a combustible material which can be burned off, from openings 
of the through-holes at said one end face (A) of the honeycomb to temporarily seal, at the other end face (B), other 
through-holes not to be sealed, at their ends. 

The combustible material to be used in step (I) may be any material so long as it can be burned off by calcination. 
However, it is preferably an expansive material. Particularly preferred is a material which is easy in handling, has good 

45 flowability and is capable of readily foaming and expanding by heating, such as expandable polystyrene beads or 
expandable polyethylene beads. The reason is that an expansible combustible material is introduced into through-holes 
and then expanded, and it is not necessary to tightly fill the material by the dropping operation, and tightly temporarily 
sealed portions can easily be formed by expanding the material. 

At the time of dropping the combustible material, it is effective to impart vibration to the honeycomb by means of a 

50 vibration apparatus. Then, by heating the above member, or by mounting the honeycomb on a preliminarily heated 
member and then dropping the combustive material, the combustible material will be expanded at the lower end face to 
form tightly temporarily sealed portions. To expand the combustible material dropped to the lower end face, for example, 
in a case where heat expandable polyethylene beads are used, it is possible to employ a method wherein the plate 
member located at the lower end face is heated to the foaming temperature after the dropping, or a method wherein the 

55 honeycomb is mounted on a preliminarily heated plate member and then polystyrene beads are dropped from the upper 
end face and expanded at the lower end face. 

Steps (m) and (n) of the present invention are carried out in the same manner as the above steps (c) and (d), 
respectively. 

According to the sealing process of the present invention comprising the above steps (j) to (n), it is unnecessary to 
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repeat the same step for both end faces as required heretofore, and it is possible that once one end face (A) is tempo- 
rarily sealed, the other end face (B) can readily temporarily be sealed. Therefore, the time required for sealing both end 
faces can be substantially reduced. Further, a jig for sealing, consumption goods such as films or masks and large 
accompanying installations are not required, whereby the productivity will be improved. 

s As described in the foregoing, according to the sealing process of the present invention comprising steps (a) to (d), 
steps (e) to (0 or steps (j) to (n), filling of the sealant is not carried out through holes formed in a film, as has been here- 
tofore common, and can easily be carried since the sealant can be directly filled from openings at ends of through-holes 
not temporarily sealed. Besides, it is possible to form tightly sealed portions. Especially, the present invention exhibits 
remarkable effects as a process for sealing through-holes having a small opening area, which has been difficult by the 

ro prior art techniques, whereby highly reliable sealed portions can be formed, which are free from cracking or rupture. 

The sealing methods of the present invention can be applied to ceramic honeycomb molded products to be sealed 
whether the molded products have been already calcined or have not yet been calcined. The process for producing the 
honeycomb of the present invention comprising steps (o) to (q) is a technology in which a ceramic honeycomb molded 
product which has not yet been calcined, is used, and sintering of such a ceramic honeycomb molded product and the 

15 sealant is carried out simultaneously with burning off of the expansive or combustible material for temporary sealing by 
a single operation of heating and calcining. 

Now, the present invention will be described in further detail with reference to Examples and Comparative Exam- 
ples. However it should be understood that the present invention is by no means restricted to such specific Examples. 

20 EXAMPLE 1 : Preparation of a horieycpmfr fry step? (a) to W) 

Added to 100 parts by weight of a-form silicon carbide powder having an average particle size of 10 jim (manufac- 
tured by Yakushima Denko), were 15 parts by weight of methylcellulose as an organic binder, 25 parts by weight of 
water and 2 parts by weight of a stearic acid emulsion, and the mixture was uniformly mixed by a Henschel mixer and 
25 then molded into a ceramic honeycomb molded product by means of an auger-type vacuum extrusion molding 
machine. This ceramic honeycomb molded product had an end face of 100 x 100 mm, a length of 100 mm, a cell wall 
thickries&?ot a2tmirva 

through-hole of this ceramic honeycomb molded product was a square. This ceramic honeycomb molded product is to 
be dried, then have predetermined through-holes sealed at their ends by a sealant and then be calcined after a 

30 degreasing step. (Step (o) of the present invention). 

Firstly, 3 parts by weight of methylcellulose and 40 parts by weight of a-terpineol were added to 1 00 parts by weight 
of an expansive material to be burned off ("Matsumoto Microsphere" F-50, tradename for high temperature expandable 
resin, manufactured by Matsumoto Yushi Seiyaku K.K.) having an average particle size of 20 um, and the mixture was 
kneaded to obtain a paste for temporary sealing having a viscosity of 5,000 cps. 

35 Then, a polyester film was bonded to one end face (A) of the dried ceramic honeycomb molded product, then holes 
with a diameter of 0.5 mm were formed on the film at positions corresponding to through-holes not to be sealed, by 
means of a needle jig, and then the paste for temporary seating was coated on this end face (A) by means of a brush 
to introduce the paste for temporary sealirig from the fB holes into the thrcwgh-ribfes. (Step (a) of the present inven- 
tion). 

40 Then, this film was peeled off, and the ceramic honeycomb molded product was mounted on a metal plate heated 
to 100°C, so that the end face having the paste for temporary sealing introduced, was in contact with the metal plate, 
and left to stand for one minute to expand the expansive material introduced into the through-holes to temporarily seal 
the through-holes not to be sealed. (Step (b) of the present invention). 

Also with respect to the other end face (B) of the ceramic honeycomb molded product, the same operation as 

45 described above, was carried out to temporarily seal the through-holes not to be sealed, which are different from the 
through-holes temporarily sealed by the above step. 

Then, with respect to the ceramic honeycomb molded product having both end faces thus temporarily sealed, a 
sealant was filled in ends of through-holes to be sealed, as follows. (Steps (c) and (p) of the present invention). 

Namely, 3 parts by weight of methylcellulose, 33 parts by weigh of water and 1 part by weight of trimethylamine as 

so a dispersant, were added to 100 parts by weight of a-form silicon carbide powder having an average particle size of 3 
um (manufactured by >fakushima Denko) to obtain a sealant slurry having a viscosity of 500 cps. One end face (A) of 
the ceramic honeycomb molded product was dipped in this slurry for 3 minutes to have the sealant deposited and solid- 
ified in a depth of 5 mm at ends of the through-holes to be sealed. In the same manner, the sealant was filled also at 
the other end face (B). 

55 Then, the sealed molded product was subjected to hot air drying at 50°C for 5 hours and then to a degreasing step 
at 600°C for one hour. Further, it was subjected to calcination at 2,100°C for 2 hours in an inert atmosphere to burn off 
the expansive material and sinter the ceramic honeycomb molded product and the sealant, to obtain a sealed honey- 
comb. (Steps (d) and (q) of the present invention). 

In the foregoing all steps, the times required for sealing one end face (A) and the other end face (B) of the ceramic 
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honeycomb molded product i.e. the times required to carry out steps (a), (b) and (c), were measured. The results are 
shown in Table 1 and Figure 1 . With respect to the obtained honeycomb, the presence or absence of cracks or spaces 
at the sealed portions, was inspected by an optical microscope, and the sealing condition was examined. The results 
are shown in Table 2. 

EXAMPLE 2: Preparation of a hgneycqml? fry steps, (e) to (i) 

3 parts by weight of methylcellulose and 40 parts by weight of a-terpineol were added to 100 parts by weight of a 
combustible material to be burned off ("Matsumoto Microsphere" F-50, tradename for a high temperature expandable 
resin, manufactured by Matsumoto Yushi Seiyaku K.K.) having an average particle size of 20 urn, and the mixture was 
kneaded to obtain a paste for temporary sealing having a viscosity of 5,000 cps. 

Then, a lubricating oil was coated as a release agent on a stainless steel plate of 150 x 150 mm having a thickness 
of 3 mm, and then the paste for temporary sealing was screen-printed in a checkered pattern of circles having a diam- 
eter of 0.5 mm and a thickness of 0.5 mm, at positions corresponding to openings of through-holes to be temporarily 
sealed. (Step (e) of the present invention). 

A dried ceramic honeycomb molded product prepared in the same manner as in Example 1 , was mounted on the 
plate, so that the printed circular patterns were located within the openings of the through-holes not to be sealed (to be 
temporarily sealed) at one end face (A) of the ceramic honeycomb molded product. (Step (f) of the present invention). 

Then, this plate was placed on a metal plate heated to 100°C for one minute to expand the printed expandable 
combustible material thereby to transfer the combustible material to the end face of the ceramic honeycomb molded 
product. Then, the molded product was withdrawn from the plate, and temporary sealing was carried out. Also with 
respect to the other end face (B), the same operation was carried out to temporarily seal other through-holes not to be 
sealed, at their ends. (Step (g) of the present invention). 

Thereafter, filling of a sealant and calcination were carried out in the same manner as in Example 1 to obtain a hon- 
eycomb. (Steps (h) and (i) of the present invention). 

The times required for the sealing and the sealing condition were measured, and the results are shown in Tables 1 
and 2 and in Figure 2. 

EXAMPLE a-Prepgrgtion^ 

In the same manner as in Example 2, through-holes not to be sealed at one end face (A) of a ceramic honeycomb 
molded product, were temporarily sealed with an expandable combustible material. (Step (j) of the present invention). 

Then, a glass plate of 150 x 150 mm having a thickness of 3 mm, was placed on a vibration apparatus, and the 
ceramic honeycomb molded product was mounted on the glass plate. At that time, one end face (A) faced upward, and 
the other end face (B) faced downward. (Step (k) of the present invention). 

While driving the vibration apparatus, 1 0 g of expandable polystyrene beads having an average particle size of 0.5 
nm were dropped into through-holes other than the temporarily sealed through-holes, to temporarily seal other through- 
holes not to be sealed, at their ends, at theother end-faee-(B>: At-tha* times- a- tape was put around the periphery* of*the- 
above end face to form a frame to prevent the supplied expandable polystyrene beads from scattering from the periph- 
ery. One minute later, the vibration was stopped, and the other end face (B) was observed from below the glass plate, 
to confirm that the expanded polystyrene beads were dropped to the lower end face. 

Then, this glass plate was placed on a metal plate heated to 1 20°C for one minute to expand the expandable pol- 
ystyrene beads dropped to the lower end face thereby to temporarily seal other through-holes not to be sealed. (Step 
(I) of the present invention). 

Thereafter, filling of the sealant and calcination were carried out in the same manner as in Example 1 to obtain a 
honeycomb. (Steps (m) and (n) of the present invention). 

The times required for the sealing and the sealing condition were measured, and the results are shown in Tables 1 
and 2 and in Figure 3. 

COMPARATIVE EXAMPLE 1 

Polyester films were bonded to both end faces (A) and (B) of the same dried ceramic honeycomb molded product 
as used in Example 1 , and then holes with a diameter of 0.5 mm were formed at positions corresponding to the through- 
holes not to be sealed, by means of a needle jig. 

Then, an epoxy resin was coated on both end faces to introduce the epoxy resin from the holes into the through- 
holes, followed by drying at 50 °C for 60 minutes to cure the resin thereby to temporarily seal both end faces. Thereafter, 
filling of a sealant and calcination were carried out in the same manner as in Example 1 to obtain a honeycomb. The 
results are shown in Tables 1 and 2 and in Figure 4. 
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COMPARATIVE EXAMPLE 2 

In the same manner as in Comparative Example 1 . polyester films were bonded to both end faces (A) and (B) of a 
ceramic honeycomb molded product, and then holes with a diameter of 0.5 mm were formed at positions corresponding 
to the through-holes to be sealed, by means of a needle jig. Thereafter, filling of a sealant and calcination were carried 
out in the same manner as in Example 1 to obtain a honeycomb. The results are shown in Tables 1 and 2 and in Figure 



Table 1 





Temporary sealing method 


Time required for sealing (min) 




End face A 


End face B 


End face A 


End face B 


Total 


Example 1 


Expansive material 


Expansive material 


60 


60 


120 


Example 2 


Combustible mate- 
rial + printing- 


Combustible mate- 
rial + printing 


35 


35 


70 


Example 3 


Combustible mate- 
rial + printing 


Combustible mate- 
rial + dropping 


35 


20 


55 


Comparative Example 1 


Epoxy resin 


Epoxy resin 


85 


85 


170 


Comparative Example 2 






50 


50 


100 



Table 2 





Presence or absence of seal leakage 




End face A^ 


Endface-B " — 


Example 1 


Nil 


Nil 


Example 2 


Nil 


Nil 


Example 3 


Nil 


Nil 


Comparative Example 1 


1 to 10 portions 


1 to 10 portions 


Comparative Example 2 


at least 10 portions 


at least 10 portions 



As is evident from Tables 1 and Z» in Comparative Example 1, In some of through-holes, temporary sealing by the 
epoxy resin was not sufficient, and spaces were formed, whereby flow-in of the sealant was observed. Further, due to 
expansion of the resin during the calcination, cracks formed on the end faces of the honeycomb. Furthermore, much 
time was required for the sealing step. Also in Comparative Example 2, many spaces were observed at the sealed por- 
tions of the through-holes. 

Whereas, in Examples 1 to 3, no cracks or seal leakages such as spaces were observed at the sealed portions, 
and the end faces were tightly sealed. Further, it has been proved that the sealing process can be easily carried out in 
a short period of time by employing the process of Example 2 or 3. By these Examples, comparison and evaluation 
were carried out with respect to a process for sealing only one ceramic honeycomb. However, also in the case of mass 
production, similar or even better effects can be expected. 

As described in the foregoing, according to the present invention, through-holes not to be sealed, of a honeycomb 
can certainly and easily be temporarily sealed at their ends. Accordingly, a sealant can directly be filled into openings 
of through-holes to be sealed, whereby it is possible to form tightly sealed portions. Especially, sealing of a honeycomb 
having through-holes with a small opening area, which used to be difficult to seal, can readily be carried out, and highly 
reliable sealed portions can be formed without forming spaces or cracks at the sealed portions after calcination. 

The honeyoomb produced by the process of the present invention can be used advantageously, for example, as 
DPF. 

Claims 

1 . A process for sealing an end face of a ceramic honeycomb structure comprising the following steps (a) to (d): 
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(a) a step of introducing an expansive material which can be burned off. into through-holes not to be sealed, 
among through-holes of the honeycomb structure; 

(b) a step of expanding the expansive material to temporarily seal the through-holes not to be sealed, at their 
ends; 

5 (c) a step of filling a sealant into ends of through-holes to be sealed; and 

(d) a step of burning off the expansive material and sintering the sealant at the same time. 

2. A process for sealing an end face of a ceramic honeycomb structure comprising the following steps (e) to (i): 

io (e) a step of printing a combustible material which can be burned off, at predetermined positions on a member 

which is capable of covering the end face of the ceramic honeycomb structure; 

(f) a step of mounting the honeycomb structure on the member, so that through-holes not to be sealed, among 
through-holes of the ceramic honeycomb structure, abut on the printed combustible material; 

(g) a step of transferring the combustible material to the end face of the ceramic honeycomb structure to tem- 
75 porarity seal the through-holes not to be sealed, at their ends; 

(h) a step.oUillinga.sealar^intaer^ 

(i) a step of burning off the combustible material and sintering the sealant at the same time. 

3. The process for sealing an end face of a ceramic honeycomb structure according to Claim 2, wherein the combus- 
20 tible material is an expansive material, and the expansive material is expanded in the ends of the through-holes not 

to be sealed, to temporarily seal the ends of the through-holes not to be sealed, at their ends. 

4. A process for sealing an end face of a ceramic honeycomb structure comprising the following steps 0) to (n): 

25 0) a step of temporarily sealing through-holes not to be sealed, at their ends by means of at least one of the 

methods set out in Claims 1 to 3, at one end face (A) of the ceramic honeycomb structure; 
(k) a step of mounting the ceramic honeycomb structure on a member which is capable of covering the end 
face thereof, so that said temporarily sealed one end face (A) faces upward, and the other end face (B) not 
sealed, faces downward; 

30 (I) a step of dropping a combustible material which can be burned off, into through-holes other than said tem- 

porarily sealed through-holes, from above said one end face (A) of the ceramic honeycomb structure, to tem- 
porarily seal other through-holes not to be sealed, at their ends, at the other end face (B); 
(m) a step of filling a sealant into ends of through-holes to be sealed; and 

(n) a step of burning off the expansive material and/or the combustible material, and sintering the sealant at 
35 the same time. 

5. The process for sealing an end face of a ceramic honeycomb structure according to Claim 4, wherein the combus- 
tible rrateriaffe-an expansive material; andthe expansrve rnaterial-is expanded \n the ends ofth^through-holes not 
to be sealed, to temporarily seal the ends of the through-holes not to be sealed. 

40 

6. The process for sealing an end face of a ceramic honeycomb structure according to any one of Claims 1 to 5, 
wherein the ceramic is made of silicon carbide. 

7. The process for sealing an end face of a ceramic honeycomb structure according to any one of Claims 1 to 5, 
45 wherein the ceramic honeycomb structure is a diesel particulate filter. 

8. A process for producing a ceramic honeycomb structure having predetermined through-holes sealed at their ends, 
which comprises the following steps (o) to (q): 

so (o) a step of molding a ceramic honeycomb molded product; 

(p) a step of temporarily sealing through-holes not to be sealed, at their ends and filling a sealant into ends of 
through- holes to be sealed, by means of at least one of the methods set out in Claims 1 to 5; and 
(q) a step of heating and calcining the ceramic honeycomb molded product temporarily sealed and having the 
sealant filled as mentioned above, to sinter the sealant and the ceramic honeycomb molded product and to 

55 burn off the expansive material and/or the combustible material. 

9. The process for producing a ceramic honeycomb structure according to Claim 8, wherein the ceramic is made of 
silicon carbide. 
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10. The process for producing a ceramic honeycomb structure according to Claim 8, wherein the ceramic honeycomb 
structure is a diesel particulate Ulter. 
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FIGURE / 



Example 1 



Dried ceramic honeycomb 



Times required 



Bonding, a film and. forming 
holes (End faces A and B)* 



8*0~ min 



Indtoruction of an 
expansive material 
(End faces A and B) 



Expanding the expansive 
material for temporary 
sealing (End faces A and 
B) 



■ i 


Filling of a 


sealant 


(End faces A 


and B) 



20 min 



10 min 



10 min 
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FIGURE 2 



Example 2 



Dried ceramic honeycomb 



Printing a combustible 
material, on a pla.te 



Times required 



15 min 



Mounting a honeycomb, and 
then expanding the 
combustible material for 
temporary sealing 
(End face A) 



Printing a combustible 
material on a plate 



15 min 



15 min 



Mounting a honeycomb 
and then expanding the 
combustible material for 
temporary sealing 
(find fflnp Ft) 



Filling a sealant 
(End faces A and B) 



15 min 



10 min 
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FIGURE 3 



Example 3 



Dried ceramic honeycomb 



4 



Printing a combustible 
material on a plate 



Mounting a honeycomb and 
then expanding the 
combustible material for 
temporary sealing 
(End face A) 



Times required 



15 min 



15 min 



Mounting the honeycomb on 
a vibration apparatus , and 
dropping a combustible 
material from the upper end 
face to the lower end face 



5 min 



Expanding the combustible 
material at the lower end 
face for temporary sealing 
(End face B) 



Filling a sealant 
(End faces A and B) 



10 min 



10 min 
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FIGURE 



Comparative Example 1 



Dried ceramic honeycomb 



Times required 



Bonding a film and forming 
holes (End faces A and B) 



T 



Introducing an epoxy resin 
for temporary sealing 
(End faces A and B) 



80 min 



20 min 



Curing the epoxy resin 
(End faces A and B) 



60 rain 



Filling of a sealant 
(End faces A and B) 



10 min 



FIGURE 5 



Comparative Example 2 



Dried ceramic honeycomb 



Times required 



Bonding a film and forming 
holes (End faces A and B) 



80 min 



Filling a sealant 
(End faces A and B) 



20 min 



15 



